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ROS production. To obtain such an inhibition, we recently showed
that it could be necessary to block the electron transfer from haem
bL to semiquinone [2]. The proton transfers could play a major role
in this mechanism. However, construction of such a model was not
convincing because a too high increase in semiquinone lifetime and a
high residual activity (GRC bioenergetics poster 2011). In fact, to
obtain an inhibition by antymicin, it is necessary to trap a molecule
in the Qo site. This molecule could be neither a quinone (it will freely
leave the active site) nor a semiquinone since semiquinone has
not been an evidenced in Qo site because its lifetime is too low. So
the only molecule which can be trapped in the Qo site is the quinol.
Based on this hypothesis, we propose here a newmodel which explains
both the antimycin inhibition and the accompanying increase in ROS
production. This model takes into account the dimeric structure of
bc1 complex and is compatible with the half-of-the-site reactivity.
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The methodology of quantifying the efﬁciency of protection of
photosystem II (PSII) reaction centers against photoinhibition by non-
photochemical energy dissipation (NPQ) will be presented. This is
based upon the assessment of two key parameters: a) the relationship
between the PSII yield andNPQand b) the fraction of intact PSII reaction
centers in the dark after illumination. The relationship between the
amplitude of NPQ and the light intensity at which all PSII reaction
centers remain intact for plants with different levels of PsbS protein is
obtained. It was found that the same, nearly linear, relationship exists
between the levels of the protective NPQ component (pNPQ) and the
tolerated light intensity in all types of studied plants. This approach
allows for the quantiﬁcation of the maximum tolerated light intensity,
the light intensity at which all plant leaves become photoinhibited,
the fraction of unnecessary or “wasteful”NPQ (wNPQ), and the fraction
of photoinhibited PSII reaction centers under conditions of prolonged
illumination by full sunlight. It was concluded that the governing factors
in the photoprotection of PSII are the level and rate of protective
pNPQ formation, which are often in discord with the amplitude of the
conventional measure of photoprotection, the quickly-reversible NPQ
component— qE. Hence, pNPQ is recommended as a more informative
and less ambiguous parameter than qE as it reﬂects the effectiveness
and limitations of the major photoprotective process of the photosyn-
thetic membrane.
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In order to balance the output of ATP and NADPH from the light
reactions of photosynthesis with the demands of downstream me-
tabolism, the chloroplast can employ multiple alternative electron
pathways. One of these, cyclic electron ﬂow around photosystem I
(CEF), generates ATP without net NADPH production.
Multiple proteins and protein complexes, some of which are
organism speciﬁc, can catalyze CEF. In both plants and algae, an
antimycin A sensitive complex composed of PGRL1 and PGR5 has been
proposed. A PSI-b6f supercomplex has been isolated in green algae,
and this supercomplex has been proposed in higher plants. There is also
the plant speciﬁc thylakoid NADPH dehydrogenase complex (NDH),
which is a complex I analog, reduced by either NADH or ferredoxin.
Finally, in green algae, there is a single subunit NADPH dehydrogenase,
the NDA2. These multiple pathways of alternative electron transfer
need to be differentially and tightly regulated to maintain chloroplast
redox state and ATP/NADPH pools.
We have recently made progress in our understanding of these
regulatory processes. Involvement of calcium signaling has been
proposed for both the activation of NDH-dependent and PGRl1-
dependent CEF. The formation of a CEF capable PSI-b6f super-
complex under reducing conditions has been recently described,
however, CEF in algae is also activated in the presence of H2O2
(Strand et al. in preparation), likely through a secondary CEF path-
way. In plants, in vivo activation of NDH dependant CEF occurs under
conditions where H2O2 accumulates (Strand et al. in preparation).
Conversely, in vitro the antimycin A sensitive CEF is maintained during
chloroplast isolation in a reducing environment (Strand et al. in
preparation).
In plants, activation of CEF by 2 separate mechanisms may be tied
to the way these pathways differ in terms of their proton con-
tribution to pmf. The complex I analog, NDH, is likely acting as a
proton pump (Strand et al. in preparation), while the antimycin A
sensitive pathway is not. Under physiological stresses that create
ROS, NDH would make a highly efﬁcient ATP generating route of
CEF to supply repair processes, while under reducing conditions the
antimycin A sensitive pathway could act to restore a less dramatic
ATP/NADPH imbalance.
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Little is known so far about RNA regulators of photosynthesis in
plants, algae or cyanobacteria. Recently, biocomputational prediction,
comparative transcriptional analysis and RNAseq analyses of
Synechocystis sp. PCC 6803 revealed the existence of many candidate
regulatory RNA molecules in this cyanobacterial model organism. The
small RNA PsrR1 appears to be widely conserved within the
cyanobacterial phylum. Expression of PsrR1 is induced shortly after
a shift from moderate to high-light conditions. Artiﬁcial overexpression
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of PsrR1 led to a bleaching phenotype under moderate light growth
conditions. Advanced computational target prediction suggested that
several photosynthesis-related mRNAs could be controlled by PsrR1,
which was supported by the results of transcriptome proﬁling
experiments upon pulsed over-expression of this sRNA in Synechocystis
sp. PCC 6803 and in a heterologous reporter system. We conﬁrmed the
interaction between PsrR1 and the ribosome-binding regions of the
psaL, cpcA, chlN and psaJ mRNAs by mutational analysis in Escherichia
coli. Focusing further on the psaL mRNA as a speciﬁc target, we
discovered speciﬁc effects of PsrR1 on the amount and trimerization of
photosystem I. In summary, computational and experimental data
consistently establish the sRNA PsrR1 as a regulatory factor controlling
photosynthetic functions. We discuss the function of PsrR1 in the
context of high-light acclimation.
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Plastoglobules are lipoprotein particles found in different types
of plastids, from proplastids to gerontoplasts. Plastoglobules are
composed of an outer polar lipid monolayer containing lipids (mainly
prenylquinones, triacylglycerol, and carotenoids), and harbor proteins
[1]. Recent studies demonstrated that plastoglobules are involved
in various metabolic pathways (such as vitamin K, tocopherol, and
carotenoid synthesis) and in plant response to stress by accumulating
antioxidants [1]. Thus, it has been observed that plastoglobule size and
number are regulated in correlation with the ﬁtness of the thylakoid
membranes [2]. Our previous studies of the chilling sensitive bean
(Phaseouls vulgaris L.) and chilling tolerant pea (Pisum sativum L),
demonstrated that the mature chloroplasts differ in the thylakoid
organization [3], which may affect the plastoglobules formation and
composition. Polar and non-polar lipids are the main components of
thylakoid membranes as well as connected to them plastoglobules. The
aim of this study was to characterize and reveal the changes in the non-
polar lipid composition of isolated plastoglobules using UPLC–MS
method. The plants were grown in a climate room at 22 °C/20 °C day/
night temperature during a 16 h photoperiod. 14-day old bean plants
and 21-day old pea plants were used for plastoglobule isolation and
then lipid extraction. The separation of the samples was monitored by
a diode array detector at 200–700 nm range for better identiﬁcation.
Two detailed chromatograms: at 436 nm (characteristic for caroten-
oids) and 285 nm (characteristic for quinones) were extracted for
further analysis. Signiﬁcant differences between plastoglobules' lipid
compositions of a chilling sensitive (bean) and a chilling tolerant (pea)
plant were observed to occur mostly in the polar region of the UPLC
chromatograms — rich in quinone-like compounds. Presented work
wasﬁnanced by SONATA grant no2013/09/D/NZ3/02399 fromNational
Science Centre, Poland (KG).
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